Parenteral nutrition is potentially life-saving but we have been very conscious of its bacteriological risks and complications and have attempted to minimise them by refinement of technique. This paper describes the findings of a prospective bacteriological surveillance over the period 1 July 1976 to 31 March 1978, during which a new catheter insertion technique was adopted, nursing protocols for the care of the infusion system were improved, and preparation of infusion fluids was brought under pharmacy control.
Methods

CLINICAL
Our team approach to parenteral nutrition has already been described .
Catheter insertion
This was carried out in a specially cleaned side room observing rigorous aseptic technique. The operator scrubbed and wore hat, mask, sterile gloves, and gown as for aqy other operation. The patient's anterior chest wall and neck were shaved and pre-*Present address: University of Ghana Medical School, Accra, Ghana.
Received for publication 28 November 1978 pared with 05 Y% chlorhexidine in 70% alcohol, which was allowed to dry before iodophore (povidone-iodine) powder was applied. Catheter insertion used to be by a standard infraclavicular technique, and a Teflon catheter was used.
From January 1977 a skin-tunnelled silicone rubber catheter was used routinely. Such a catheter enters the patient's skin on the anterior chest wall, runs superficially to a point just below the midpoint of the clavicle, and then enters the subclavian vein to end in the superior vena cava. The skin entry site on the anterior chest wall is flat and therefore easy to dress. The technique has been described previously in detail (Powell-Tuck, 1978) . After insertion of the catheter, the skin entry site was swabbed again with 0.5% chlorhexidine in 70% alcohol, sealed with a plastic spray (Opsite), dressed with further iodophore powder and covered with a sterile occlusive island dressing (Steripad, Johnson and Johnson Ltd).
Infusion system and fluid preparation Until June 1977 all infusions were from multiple 500 ml or 1000 ml containers as supplied by the manufacturer. They were infused in pairs at 6-to 8-hourly intervals through a specially designed, singlepiece, double-giving set (Travenol Laboratories Ltd). All additives to the containers were made by the pharmacist. From June 1977 a new system was increasingly adopted, which reduced the number of bottle changes and therefore the number of manipulations of the infusion system made in the bacteriologically uncontrolled environment of the ward. In this system a single 3-litre Viaflex container (Travenol Laboratories Ltd) was filled by the pharmacist with the patient's principal nutritional requirements for the day. Both additions to the small containers and preparation of the 3-litre containers were done under laminar flow conditions in a room subject to restricted entry, strict daily cleaning schedules, and routine bacteriological monitoring. The pharmacist scrubbed and wore hat, mask, and sterile gloves and gown before following bacteriologically tested procedures for making additions or filling containers. The container was then taken, labelled, to the patient's ward refrigerator where it was kept before use on the same day.
Nursing procedures All nursing procedures for the care of infusions were written and taught and followed aseptic principles. Ward nurses were under the close supervision of the ward sisters and a nursing sister who specialises in parenteral nutrition.
The giving sets were changed every 24 hours. Before connections or disconnections were made, junctions were sprayed with 05 Y% chlorhexidine in 70% alcohol and allowed to dry before manipulations were made. Masks were worn and the nurses handled tubing between chlorhexidine in alcoholsoaked sterile swabs. In six patients the catheter was spigotted and heparinised regularly in between infusions. No other injections were made into the infusion set, no other additives were made to fluid, and no transfusions of blood products were given through the feeding catheter. The skin dressing was changed by the nurses at least weekly or if it became loosened. It was dressed as described under catheter insertion. SPECIMEN COLLECTION (i) A 10 ml 'midstream' aliquot of the nutrient fluid remaining in the infusion set was obtained daily immediately after the set had been disconnected from the patient. Culture of this specimen aimed principally at monitoring the nursing procedures but also gave information about the pharmaceutical preparation of the fluid.
(ii) The skin tunnels were examined daily for signs of inflammation. Whenever the dressing was changed, the entry site was also inspected for signs of inflammation, and a swab was taken from it before it was recleaned and dressed.
The 
Results
CATHETERS
The series comprised 34 patients treated over 1551 patient-days and 38 treatment periods using 51 catheters. A treatment period ended when a catheter was removed and there was no intention of continuing the infusion later. In 1976, when Teflon cath1Constituents: Bacto casitone (Difco) 10 g, Bacto yeast (Difco) 5 g, K2HPO4 3 g, KH2PO4 1 g, glucose 5 g, distilled water 1000 ml. We think that these catheters were secondarily infected from the blood. Retrograde spread of organisms against the flow of a column of nutrient fluid has been described previously by other authors (Boeckman and Krill, 1970; Freeman et al., 1972; Maki, 1976b) .
In two patients, catheters (Nos 6 and 13) were withdrawn because of skin-tunnel inflammation. Both patients remained apyrexial, and therefore there was no evidence of bacteraemia in either.
One hundred colonies of Proteus species were grown from the body, and six were grown from the tip of a catheter (No. 11) 
FLUIDS
Before introduction of the 3-litre container system, 373 infusion fluid samples were cultured, and bacteria were isolated from 20 (5.4%). After its introduction for some patients, 189 samples of fluid from these containers were cultured, of which 11 (5 8 %) showed bacterial growth. Of 215 further samples taken from fluid infused the by in parallel multiple container system during the same period, 15 (7%) showed growth. 
Discussion
Parenteral nutrition has become recognised as a cause of both fungal and bacterial septicaemia (Curry and Quie, 1971; Freeman et al., 1972) and stern cautions have rightly been given about this treatment (Duma, 1971 Another method of assessing sepsis due to parenteral nutrition is routinely to culture allcatheters when they are removed. If this approach is adopted, a proportion of catheters will be positive to culture even though they are removed from apyrexial patients with no evidence of catheter site (or skintunnel) inflammation. The question then arises whether such organisms are contaminants introduced to the catheter after its removal from the patient or whether they are non-pathogenic commensals of little clinical significance; and if they exist as commensals whether they ever become pathogens. Maki et al. (1977) have demonstrated that septicaemia is associated only with catheters yielding large numbers of colonies of organisms. They had advocated a semiquantitative approach to catheter tip and 'body' culture and suggested 15 colonies as an arbitrary dividing line between those catheter site wounds that are 'infected' and those that are not. Local inflammation was more commonly associated with colony counts of > 15 colonies on semiquantitative culture.
Measures taken to prevent sepsis due to parenteral nutrition-depend upon a knowledge of how and where organisms can contaminate the infusion system. Much attention has been given to contamination of fluids as supplied by manufacturers after epidemics of septicaemia traced to this source in the USA (Maki et al., 1976) and England (Meers et al., 1973) . There is probably little the hospital can do to prevent such episodes. Bottles and containers should be checked for cracks or leaks, and fluids checked for cloudiness. Unfortunately, cloudiness occurs only at very high level contamination and may not be apparent even with levels of 106 organisms/ml. The hospital can play a part, however, in tracing such causes of septicaemia by keeping records of batch numbers of fluid infused. Septicaemia due to Klebsiella sp, Pseudomonas sp, Enterobacter cloacae or Erwinia agglomerans occurring in patients receiving intravenous fluids should prompt careful studies of the fluids in stock (Maki, 1976a) .
Fortunately, thanks to careful manufacturing techniques, septicaemia due to infected fluid supplies is very unusual. Much more commonly, sepsis arises in the hospital. A full review of the possible causes of this has been made (Maki, 1976b) .
553
The techniques we have adopted have already been described in greater detail elsewhere (Powell-Tuck, 1978; Powell-Tuck et al., 1978) . They aim to reduce contamination (i) when additives to a mixture of fluids are made, (ii) during giving set manipulation, (iii) during catheter insertion, and (iv) along the catheter from the skin entry site. This study was designed prospectively to test how bacteriologically safe parenteral nutrition could be rendered by careful aseptic technique and to identify broadly where improvements could be made.
Earlier unpublished studies showed that if a developed pharmaceutical protocol was followed, the viaflex 3-litre containers could be filled under the conditions described without introducing organisms that would grow in nutrient broth. Nevertheless we were aware of the theoretical risk of mixing all the nutrients in one container because mixtures of glucose and amino acids in general support the growth of bacteria better than do individual unmixed solutions (Maki, 1976a The use of microbial filters has not been adopted because it increases the number of manipulations made to the infusion system, and because other studies (Collin et al., 1973; Miller and Grogan, 1975) have not suggested that they reduce the septicaemia rate. Their use could not have improved our sepsis rates because sepsis arose from the skin entry sites and not from the infused fluid. They seem unnecessary if great care is taken in the preparation and infusion of the fluids.
We have learnt that it is a mistake to ignore any degree of skin entry-site or skin-tunnel inflammation. These should be regarded as indications for removal of the catheter.
Because this study draws attention to the skin as a source of infection, we shall continue to obtain and examine routine skin swabs whenever dressings are changed and will further emphasise the importance of cleaning this area at the time of catheter insertion and of redressing the entry site. If organisms other than Staph. albus or diphtheroids are grown, serious consideration will be given to removing the catheter. It seems that if these precautions are added to our present adopted approach. there will be no need for routine catheter changing with its attendant risks and discomfort for the patient. We shall continue routinely to culture the body and tip of all catheters semiquantitatively. Nurses undertaking aseptic procedures are more likely to follow them assiduously if they know that a constant bacteriological interest is being taken in the results of their work.
In summary, we have found, like Ryan et al. (1974) , Sanderson and Deitel (1973) , and Sanders and Sheldon (1976) , that parenteral nutrition can be relatively free of serious bacteriological complications if strict aseptic techniques are employed. We have shown that great attention needs to be paid to preventing organisms from reaching the blood from the skin entry site of the catheter. It appears that a skin-tunnelled catheter has advantages in that organisms are delayed in reaching the patient's bloodstream and forewarning of their presence is given by visible inflammation.
